ABSTRACT -(Cyanobacteria from coastal lagoons in southern Brazil: non-heterocytous fi lamentous organisms). This study describes and illustrates non-heterocytous fi lamentous cyanobacteria found in lagoon systems on the coastal plains of Rio Grande do Sul State. Collections were carried out in different freshwater bodies along the eastern (Casamento Lake area) and western (Tapes City area) margins of the Patos Lagoon (UTM 461948-6595095 and 542910-6645535) using a plankton net (25 μm mesh) in pelagic and littoral zones as well as by squeezing submerged parts of aquatic macrophytes, during both the rainy and dry seasons, from May to December/2003. Twenty two species belonging to the families Phormidiaceae (eight taxa), Pseudanabaenaceae (seven taxa), Oscillatoriaceae (six taxa), and Spirulinaceae (one taxon) were identifi ed. Among these species, fi ve are reported for the fi rst time from Rio Grande do Sul State: Leptolyngbya cebennensis, Microcoleus subtorulosus, Oscillatoria cf. anguina, O. curviceps and Phormidium formosum.
INTRODUCTION
Coastal regions are complex environmental systems because they constitute transition zones between continental and oceanic environments that respond to interactions and exchanges between terrestrial, oceanic and atmospheric factors.
The coastal plains of Rio Grande do Sul State hold an important system of coastal lagoons covering an area of approximately 33,000 km 2 (Tomazelli et al. 2000 , Weschenfelder et al. 2005 ). This subtropical region comprises a mosaic of heterogeneous terrestrial ecosystems with great biological diversity.
Freshwater habitats in subtropical Brazil are relatively poorly known from a phycological perspective, although freshwater cyanobacteria from Rio Grande do Sul State have been documented by Callegaro et al. (1981) , Torgan et al. (1981 Torgan et al. ( , 1995 , Franceschini (1983 Franceschini ( , 1990 , Werner (1984 Werner ( , 1988 Werner ( , 2002 , Torgan & Garcia (1989) , Werner & Rosa (1992) , Torgan & Paula (1994) , Garcia & Vélez (1995) , Torgan (1997) , Werner & Sant'Anna (1998 , 2006 , Cardoso & Motta-Marques (2003 , Carvalho et al. (2008) , Werner et al. (2008) , and Werner & Laughinghouse (2009) 
Cyanobacteria are often signifi cant components of benthic, periphytic and fl oating microphyte communities, contributing to the productivity of aquatic ecosystems and, in some cases, providing most of the carbon sources that sustain aquatic food webs (Bunn et al. 2003) .
Non-heterocytous fi lamentous cyanobacteria are known to cause livestock mortality, can adversely affect human health (Fastner et al. 1999 , Baker et al. 2001 , Tellez et al. 2001 , Prati et al. 2002 , and are recognized as important contributors to ecosystem degradation (or one of the consequences of that degradation) (McGregor 2007) . But in spite of their ecological importance, there have been very few comprehensive regional studies of these organisms. This paper is the second contribution to studies of the cyanobacteria fl ora in lagoons on the coastal plains of Rio Grande do Sul State, and specifi cally deals with nonheterocytous fi lamentous forms. The fi rst manuscript dealt with unicellular forms (Martins et al. 2012) .
MATERIAL AND METHODS
Collections were made in various freshwater bodies along the eastern (Casamento Lake area) and western (Tapes City area) margins of the Patos Lagoon (UTM 461948 -6595095 and 542910 -6645535) (table 1, fi gure 1). The study area is dominated by wetlands ecosystems; with freshwater, shallow (Burger & Ramos 2007) , and slightly acidic lagoons (Bicca 2007) .
The samples were collected during the period from May to December/2003 using phytoplankton nets (25 μm mesh) in pelagic and littoral zones and by squeezing submerged parts of aquatic macrophytes. A t l a n t i c O c e a n
Patos lagoon
The material was examined by bright-fi eld microscopy using Olympus BH2 and Leica DMLB microscopes. The classifi cation proposed by Hoffmann et al. (2005) as modifi ed by Komárek (2006) was adopted for systematic taxonomic arrangements above the family level, and Komárek & Anagnostidis (2005) for family and lower taxonomic levels.
Taxonomic descriptions, photomicrographs, and the occurrence of each species in the aquatic environments studied are presented.
Voucher samples were deposited in the Prof. Alarich Schultz Herbarium (HAS) of the Natural Sciences Museum of the Zoobotanical Foundation in Porto Alegre, Rio Grande do Sul State, Brazil, and their registry numbers are presented with the species descriptions.
RESULTS AND DISCUSSION
Twenty-two species of non-heterocytous fi lamentous cyanobacteria belonging to the orders Pseudanabaenales (seven species) and Oscillatoriales (15 species) were encountered in the aquatic environments sampled. Figure 2 Trichomes solitary, straight or fl exuous, not constricted at the usually translucent cross-walls, not (or only very slightly) attenuated, 1.6-2.8 μm wide; cells 1.5-2.9 times longer than wide, 2.0-5.5 μm long; cell content blue-green, homogenous, 1-2 granules on either or both sides of the cross-walls; apical cell round, without calyptra or thick outer cell wall. Comments: As discussed by Komárek & Azevedo (2000) , Geitlerinema amphibium and G. unigranulatum Komárek et Azevedo are very similar species. They can be distinguished by their cell dimensions and the morphology of their apical cells and thick cross-walls. Bittencourt-Oliveira et al. (2007) , however, suggested that G. unigranulatum was synonymous with G. amphibium. BittencourtOliveira et al. (2009) showed that these species have overlapping morphological characteristics based on morphological and molecular data that make their taxonomic discrimination difficult. Molecular data likewise revealed a high similarity between the two species, and indicated that they could be considered synonymous.
Geitlerinema splendidum (Greville ex Gomont) Anagnostidis, Pl. Syst. Evol. 164: 35, 1989 . Figure 3 Trichomes solitary, straight or fl exuous, not constricted at cross-walls, gradually attenuated and slightly bent at apex, 2.2-3.0 μm wide; cells 1.3-2.9 times longer than wide, 3.7-6.5 μm long; cell content blue-green, homogenous, usually granulated on either or both sides of the cross-walls; apical cell hooked, slightly spherically capitate. Leptolyngbya cebennensis (Gomont) Umezaki & Watanabe, Jap. J. Phycol. 42: 203, 1994 . Figure 4 Filaments entangled, straight or fl exuous, 2.5-3.5 μm in diameter; sheaths thin, homogenous, colorless; trichomes not (or only slightly) constricted at the usually translucent cross-walls, cylindrical, not attenuated, 1.8-2.5 μm wide; cells 0.7-1.2 times longer than wide, 1.0-2.5 μm long; cell content blue-green, homogenous, without granulation, without aerotopes; apical cells rounded.
Material Comments: This species is known to form a subaerophytic thallus on wet rocks and moist or submerged stones. The specimens in this study were found in the metaphyton of the shallow lagoons, forming great tangles of fi laments. Reported here for the fi rst time in Rio Grande do Sul State.
Leptolyngbya lagerheimii (Gomont) Anagnostidis & Komárek, Algolog. Stud. 50-53: 391, 1988 . Figure 5 Filaments entangled, regularly or irregularly spiraled, or in screw-like coils, rarely fl exuous, 1.5-2.5 μm in diameter; sheaths thin, homogenous, colorless; trichomes not constricted at their usually thick and translucent cross-walls, cylindrical, not attenuated, 1.5-2.0 μm wide; cells 0.9-1.5 times longer than wide, 1.5-2.5 μm long; cell content blue-green, homogenous, 1 granule on both sides of the cross-walls, without aerotopes; apical cells rounded.
Material examined: BRAZIL. RIO GRANDE DO SUL: Mostardas, Gateados wetlands, 8-V-2003, VR Werner s.n. (HAS104134) .
Comments: Most of the populations showed regularly twisted fi laments, with one granule on each side of the translucent cross-walls.
Planktolyngbya contorta (Lemmermann) Anagnostidis & Komárek, Algolog. Stud. 50-53: 394, 1988 . Figure 6 Filaments solitary, free-fl oating, regularly or irregularly spiraled, 1.6-2.0 μm wide; sheaths fi rm, narrow, colorless; trichomes cylindrical, not constricted at cross-walls, not attenuated, 1.3-1.7 μm wide; cells 1.7-3.5 times longer than wide, 2.8-4.5 μm long; cell content blue-green, homogenous, sometimes with 1 granule on each side of the cross-walls; apical cell without calyptra or thickened outer cell wall. Filaments solitary, free-fl oating, straight or fl exuous, 1.0-2.0 μm wide; sheaths fi rm, narrow, colorless; trichomes cylindrical, not constricted at cross-walls, not attenuated, 0.8-1.7 μm wide; cells 1.6-5.0 times longer than wide, 3.0-5.0 μm long; cell content bluegreen, homogenous, sometimes with one granule on each side of the cross-walls; apical cell without calyptra or thickened outer cell wall. Comments: The population showed trichomes wider than those cited by Komárek & Anagnostidis (2005) , but was in agreement with those observed by Desikachary (1959) and Sant'Anna & Azevedo (1995) . Gomont ex Gomont, Ann. Sci. nat. Sér.7, 16:360, 1892 . Figure 10 Filaments solitary, fl exuous, not branched; sheath homogenous, fi rm, colorless, containing 1-8 trichomes; trichomes arranged in parallel rows, distinctly constricted at the ungranulated cross-walls, 6.0-7.5 μm wide; cells 0.5-0.9 times longer than wide, 4.0-7.2 (8.0) μm long; cell content blue-green, granulated; apical cell rounded or rounded-conical.
Phormidiaceae

Microcoleus subtorulosus
Material examined: BRAZIL. RIO GRANDE DO SUL: Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n. (HAS104171, HAS104172) .
Comments: From a morphological point of view, the specimens studied agreed well with the description provided by Gomont (1892a) . Microcoleus subtorulosus has been recorded in lotic (Branco et al. 1999 , Branco & Pereira 2002 , Peres 2007 Comments: From a morphological point of view, the specimens studied agreed with the description of the type material provided by Gomont (1892b); slight differences were observed regarding the trichomes, which were wider in the population studied. This species has an ample distribution and has been reported from a large variety of habitats (Komárek & Anagnostidis 2005) .
Phormidium autumnale (Agardh) Trevisan ex Gomont, Ann. Sci. nat. Sér. 7, 16: 187, 1982 . Figure 12 Trichomes solitary, straight or fl exuous, bent and strongly attenuated at apex, not (or only slightly) constricted at their granulated cross-walls, 4.5-6.0 μm wide; cells 0.5-1.0 times longer than wide, 4.0-5.5 μm long; cell content blue-green, homogenous to slightly granulated; apical cell somewhat elongated, capitated, with rounded or truncated calyptra. Comments: Phormidium autumnale and P. amoenum Kützing ex Anagnostidis et Komárek are very similar. Both have trichomes with narrow and bent apices, with apical cells calyptrate. P. autumnale has wider trichomes and rounded or truncated calyptra, however, while P. amoenum has smaller trichomes and conical calyptra.
Phormidium formosum (Bory ex Gomont) Anagnostids & Komárek, Algolog. Stud. 50-53: 405, 1988 . Figure 13 Trichomes solitary, straight or fl exuous, slightly attenuated and curved at the apex, not (or only slightly) constricted at their granulated or ungranulated crosswalls, 4.5-6.5 μm wide; cells 0.4-1.1 times longer than wide, 2.8-5.8 μm long; cell content blue-green, homogenous; apical cell rounded-conical. Comments: Phormidium formosum is a cosmopolitan species, mainly benthonic, occurring in both lotic and lentic environments. According to Komárek & Anagnostidis (2005) , this species is very similar to P. breve (Kützing ex Gomont) Anagnostidis et Komárek but has shorter cells (1.5-3.0 μm long). Reported here for the fi rst time in Rio Grande do Sul State.
Phormidium granulatum (Gardner) Comments: The distinguishing feature of Phormidium granulatum is the presence of two to fi ve prominent granules at the cross-walls (Gardner 1927 , Komárek & Anagnostidis 2005 .
Phormidium tergestinum (Kützing) Anagnostidis & Komárek, Algolog.Stud. 50-53: 406, 1988 . Figure 15 Trichomes solitary, straight or fl exuous, not attenuated, constricted or not, 4.8-7.5 μm wide; cells 0.4-1.0 times longer than wide, 3.0-6.5 μm long; cell content blue-green, homogenous; apical cell rounded. Comments: This species is widely distributed and has been reported to have ample morphological variation. According to Komárek & Anagnostidis (2005) , numerous morphological varieties have seen described, but they probably represent a single species.
Planktothrix isothrix (Skuja) Komárek et Komárková, Czech Phycol. 4: 14, 2004 . Comments: From a morphological point of view, the specimens studied here agreed well with the descriptions provided by Komárek & Komárková (2004) . This species is primarily benthic, later forming blooms, present in eutrophic to hypertrophic stagnant bodies of water and lakes in tropical and temperate regions (Davis et al. 2003, Stefaniak et Trichodesmium lacustre Klebahn, Flora: 82, 1895 . Figure 17 Trichomes arranged in parallel lines, forming fascicles, straight or fl exuous, 35.0-61.0 μm wide; trichomes straight, attenuated (or not) at their apices, distinctly constricted at cross-walls, 4.5-7.0 μm wide; cells 0.7-1.3 times longer than wide, 4.5-7.0 μm long; cell content brownish-green, fi nely granulated, numerous aerotopes; apical cell elongated and slightly narrowed, up to 9.5 μm long. Comments: From a morphological point of view, the specimens studied here agreed well with the description of the type material provided by Gomont (1892b) that note the occurrence of this species in European thermal springs. Komárek & Anagnostidis (2005) , in agreement with other authors, consider this species to be metaphytic and periphytic in stagnant and fl owing waters, with many morphotypes, and possibly with cosmopolitan distribution; these authors recommend a taxonomic revision of the species. Thus, even though the species demonstrated morphological correspondence, the ecological delimitations of L. martensiana are not clear and the populations encountered were treated as cf.
Oscillatoria cf. anguina Bory ex Gomont, Ann. Sci. nat. Sér. 7, 16: 214, 1892. Figures 19-20 Trichomes solitary, straight, curved and gradually narrowing at the apex, not constricted at the granulated cross-walls, 6.4-9.0 μm wide; cells 0.2-0.4 times longer than wide, 1.3-3.0 μm long; cell content blue-green; apical cell capitate or rounded, with a thick outer cell wall.
Material examined: BRAZIL. RIO GRANDE DO SUL: Palmares do Sul, Gateados Lake, 9-V-2003, VR Werner s.n. (HAS104179), LC Torgan s.n. (HAS104180) .
Comments: The observed specimens were morphologically similar to Oscillatoria anguina, however, the populations studied were identifi ed as O. cf. anguina as they showed trichomes slightly wider than those described for O. anguina by Komárek & Anagnostidis (2005) . Reported here for the fi rst time in Rio Grande do Sul State.
Oscillatoria curviceps Agardh ex Gomont, Ann. Sci. nat. Sér. 7, 16: 213, 1892 . Figure 21 Trichomes solitary, straight, curved and gradually narrowing at the apex, not constricted at their granulated cross-walls, 9.0-16.0 μm wide; cells 0.1-0.4 times longer than wide, 1.7-3.5 μm long; cell content bluegreen; apical cell capitate or rounded, with thick outer cell wall. Comments: Although the specimens studied here had trichomes that were slightly smaller than those reported for Oscillatoria curviceps, their morphological features were in agreement with the description provided by Gomont (1892b) . Reported here for the fi rst time in Rio Grande do Sul State.
Oscillatoria ornata Kützing ex Gomont, Ann. Sci. nat. Sér. 7, 16: 214, 1892 . Figure 22 Trichomes solitary, straight or fl exuous, curved at apex, not attenuated, constricted at the ungranulated or granulated cross-walls, 8.0-10.0 μm wide; cells 0.2-0.4 times longer than wide, 1.8-3.5 μm long; cell content blue-green, homogenous; apical cell rounded.
Material examined: BRAZIL. RIO GRANDE DO SUL: Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n. (HAS104178) .
Comments: Komárek & Anagnostidis (2005) noted that Oscillatora ornata has trichomes whose apices are usually coiled in a screw-like fashion. This feature was not observed by Werner (1988) , Werner & Rosa (1992) , Sant'Anna & Azevedo (1995) , or in the present study. Gomont, Ann. Sci. nat. Sér.7, 16: 206, 1892 . Figure 23 
Oscillatoria princeps Vaucher ex
